INTRODUCTION
Numerous approaches have been utilized in attempts to elucidate the structure and function of the ribosome (1, 2) . One of these techniques, affinity labeling of ribosomes with chemically modified tRNAs, has been used to provide information which complements the growing body of knowledge accumulated via physical chemical and electron microscopic observations (3, 4) . Our laboratory has recently synthesized a series of variable-length oligoproline crosslinking reagents which we call molecular rulers (5); these reagents have been applied to yeast phenylalanine tRNA (6, 7) and in a preliminary report, to E. coll ribosomes (8) . We now report the identities of proteins and RWs from E. coll 50S ribosome subunits which have been covalently crosslinked with the affinity probe chlorambucilyl-(prolyl) 
MATERIAL AND METHODS
70S tight couple ribosomes were prepared from early log-phase MRE 600 E. coli (Grain Processing), and E. coli tRNA (Plenum) was aminoacylated with [ H]Phe, 15 Ci/mmol (New England Nuclear), as described previously (8) .
[ 3 H]Phe-tRNA Phe was coupled with 80-100 mM CAB-Pro n -N-hydroxysuccin1mide ester in 80% dimethylsulfoxide, 10 mM (HOEtkN-HCl, pH 9, as reported before (5, 9) . In the case of N-acetyl [ 14 After alkylation, ribosomes were precipitated 1n 0.8 volumes of cold EtOH, centrifuged for 10 min. at 12,000xg at 4°C and redissolved in 100 pi of 20 mM Tris-HCl, pH 7.4,100 mM NH 4 C1, 1 mM DTT, 1 mM Mg(0Ac) 2 . The ribosomes were sedimented through 5 ml, 0.2-0.8 M sucrose density gradients in the latter buffer, in a Beckman SW50.1 rotor at 4°C for 2.25 hours at 300,000xg. In cases where ribosomal RNAs were analyzed, alkylated ribosomes were precipitated as above, redissolved in 100 pi 10 mM Tris-HCl, pH 7.4, 30 mM NH 4 C1, 10 mM Mg(0AcL containing IS sodium dodecyl sulfate [NaDodSO,], and incubated for 30 min. at 37°C (10) . Samples were then sedimented through 5 ml, 0.15-0.6 M sucrose density gradients 1n the latter buffer containing 0.1% NaDodSO. in a Beckman SW65 rotor at 4°C for 3.5 hours at 341,000xg. In all density gradient cases, tubes were fractionated by upward displacement with 40% sucrose and fractions were monitored for absorbance and radioactivity as reported previously (8) .
Following density gradient separation of 30S and 50S ribosomes, proteins were extracted in 67% acetic acid and dialyzed exhaustively against 8 M urea, 10 mM DTT, and 10 mM bis(2-hydroxyethyl)amino-tris (hydroxymethyl) methaneacetate, pH 5.0 (11). 50S ribosomal proteins were separated by two dimensional polyacrylamide electrophoresis (12) (13) (14) and radioactivity was determined by cutting out Coomassie blue stained spots and incubating the samples in 4.4 ml Lipofluor (J.T. Baker): Protosol (New England Nuclear), 10:1, for 4 hours at 43°C. Samples were cooled to room temperature and counted by liquid scintil-lation. Ribosomal concentrations were determined by assaying proteins with Coomassie blue (Bio-Rad) (15) and by absorbance at 260 nm. Table I ).
RESULTS
The yield of gradient-purified 50S subunits reacted with CAB-Pro 5 (Table IV) . Table II indicates that specific 50S subunit proteins which were labeled tics as the criterion for significance. The Identification by electrophoretic mobility of proteins labeled by CAB-C^lPhe-tRNA^6 has been modified somewhat from the preliminary description (8) . In particular LI and L4 were transposed in the earlier paper. Table II. the group L18/23/24 were labeled by the latter reagent. However, the proteins L18, L23 and L24 are not resolved in this gel system, and we have no way of knowing which, if any, of them would be labeled 1f they could be resolved.
In additional experiments, ribosomes were dissociated by NaDodSO^ treatment (10) after alkylation, and rRNAs were separated by sucrose density gradient sedimentation. than in the 16S and 23S peaks. To control for the possibility that radioactivity associated with the 5S peak was either localized on protein or on tRNA which was not associated with ribosomes, we first incubated alkylated samples with 1.8 M Tris-HCl, pH 9.0 at 37°C for 30 minutes (5) in order to deacylate tRNA. This treatment was followed by the usual NaDodSO. procedure, and then with a phenol extraction of the resulting solution. As before, radioactivity was found associated almost exclusively with the 5S RNA. Pro 5 is about 15.6 A* long (19) (20) (21) (22) . Whereas most affinity labeling Information from P-site specific agents has been restricted to the immediate P-site Figure 1 : 50S ribosomal subunit, adapted from Lake and Strycharz (23) , with locations of various proteins except L28, from immunoelectron microscopy studies of the latter and Stoffler, e_t _ §1. (2, 24) . Proteins crosslinked by molecular rulers are in bold face. The location of 4.28 is est4mated by placing it about 31 A from the center of the P-site, on a line between the P-site and the E-site. vicinity, the 3lK length of CAB-Pro 5 -Phe allows identification of 50S proteins which may influence the P-site but are somewhat removed spatially.
DISCUSSION
We have summarized our data in a schematic representation of a 50S ribosomal subunit (Figure 1) . Crosslinking of the n=0 probe to LI and L27 1s consistent with previous crosslinking (3, 4) and immunoelectron microscopy results (23) . Our observations of L6 and L25 being crosslinked by a probe extending about 3lA from the P-s1te appears consistent with the locations of L6 and L25 observed through Immunoelectron microscopy (2, 24) . Proteins LI and L28 have been characterized as 50S-30S interface proteins by their reactivity with iminothiolane (25) . From our crosslinking results L23 would appear to be about 31A from the 3'0H of Hbosomally bound peptidyl-tRNA.
We presume that our CAB-(Pro) n -Phe-tRNA preparations bind to ribosomes such that their peptide moieties He along the ribosomal path for growing peptide chains. On the other hand, we cannot rule out the possibility that the reactive N-terminus of the oligoproline chain may not be inserted properly into the nascent peptide path, even though the tRNA Itself occupies the P-s1te.
The exit site on the 50S subunit for nascent peptides has been characterized (26) , and is indicated in Figure 1 by the letter E. Hence, we tentatively propose that L28 lies on the interface surface of the 50S subunit, about 31A from the P-site, along the line from the center of the P-site to point E 1n Figure 1 , subject to the untested assumption that CAB-Prog lay along the nascent peptide path when crosslinking occurred.
We were surprised to observe a lack of strong molecular ruler crosslinking to 23S RNA, relative to that observed for 5S RNA, since several groups have observed crosslinking to 23S RNA with electrophilic or photolyzable analogs of peptidyl-tRNA (3, 27) . It is possible that our observation may be due to the greater length of our reagents, compared with most of the alkylating rea-gents used, or to different reactivity, compared with the photolabile reagents, or to the focussing of some groups on 23S RNA without looking for 5S RNA labeling. Crossl1nk1ng of a P-site probe to 5S RNA is now quite plausible, since the 3' (and hence 5") terminus of 5S RNA has been observed 1n the central lobe of the 50S subunit (28).
The observations we have presented are encouraging because they extend the areas of agreement between immunoelectron microscopy and peptidyl transferase center affinity labeling.
